Venous thromboembolism (VTE) is a major problem for hospitalized patients. Nevertheless, adherence to VTE prophylaxis guidelines is suboptimal, partly because of physicians' neglect due to excessive workload. Simplified risk assessment methods (RAMs) facilitate timely risk stratification and thromboprophylaxis. However, the accuracy of such RAMs has not been extensively studied. Using the prospectively collected data from hospitalized patients of Masih-Daneshvari Hospital, we tested the accuracy of the Goldhaber RAM and the Harinath and St. John RAM for VTE prophylaxis, compared with the eighth edition of the American College of Chest Physicians (ACCP) recommendations. We evaluated 1091 patients. With reference to the ACCP recommendations, both RAMs had high specificities for detection of patients at risk of VTE (97.33 and 99.11%, respectively); however, we found significant interdepartment differences. The Goldhaber RAM had superior accuracy in medical oncology patients (P U 0.03), whereas the Harinath and St. John method was superior among surgical patients (P < 0.001). Overall accuracies of Goldhaber RAM for appropriate VTE risk assessment and for proper detection of at-risk patients were close to 60%. Corresponding figures were close to 70% for the Harinath and St. John method. Simplified VTE prophylaxis RAMs are valuable, especially for transmitting electronic alerts and for timely risk assessment and thromboprophylaxis. Both of the studied RAMs had high specificities and positive-predictive values, minimizing the risk of overprophylaxis. Improving the sensitivity of such RAMs can help for timely risk assessment for a greater array of real-world patients.
Introduction
Venous thromboembolism (VTE) is a common vascular disorder and a major preventable cause of in-hospital mortality [1] . A large body of evidence exists about the safety and efficacy of pharmacological measures to prevent VTE in hospitalized patients [2] [3] [4] and evidence-based guidelines exist for risk assessment and thromboprophylaxis for at-risk hospitalized patients [3] . However, adherence to such guidelines is missing worldwide [5] [6] [7] [8] .
Barriers to appropriate VTE risk assessment and thromboprophylaxis for at-risk patients are diverse and include lack of adequate scientific knowledge among the practitioners, and neglect due to the excessive workload of physicians [8] . Furthermore, evidenced-based guidelines on VTE prophylaxis, such as the American College of Chest Physicians (ACCP) guidelines [3] , while very detailed and thorough, are too comprehensive and, hence, difficult to use for physicians who are not expert in thromboembolic disease.
In light of this, in the past two decades several other risk assessment methods (RAMs) have been introduced for daily visits to hospitalized patients [9, 10] or as a simplified tool to provide the physicians with electronic alerts about the VTE risk and thromboprophylaxis state of their patients [11] . These RAMs are, in general, easier to use [12] and some of them are relatively short [9, 11] . Therefore, they could be used for each patient in a relatively short period of time and are potentially good candidates for many centers where risk assessment by comprehensive guidelines, such as ACCP recommendations, would be cumbersome. Moreover, these simplified RAMs are more convenient for use by physicians who are not thrombosis specialists. Additionally, they could also be incorporated in reminder or monitoring programs within healthcare settings.
However, the accuracy of such RAMs for the correct risk stratification of patients has not been studied extensively. In the current study, we sought to investigate the accuracy of the Goldhaber RAM [11] and the Harinath and St. John RAM [9] , for appropriate VTE risk assessment for hospitalized patients and for appropriate selection of at-risk patients, compared with the ACCP recommendations as the standard set of guidelines for VTE risk assessment and prophylaxis.
Methods
For this cross-sectional study, data regarding thromboprophylaxis administration (i.e. whether any thromboprophylaxis was administered or not), prophylaxis appropriateness, comorbidities and contraindications to prophylaxis were prospectively collected from consecutive hospitalized patients of Masih-Daneshvari Hospital, a WHO collaborating university hospital and a regional referral center for cardiopulmonary disorders in Tehran, in eight prespecified 6-week intervals (one during each season) from November 2008 to October 2010. Data about VTE risk factors and prophylaxis were collected prospectively from patients and their medical charts by three investigators (L.S., M.S. and A.S.). Patients' data were revisited at discharge and those with length of stay less than 3 days were excluded. We did not include pediatric patients, nor did we consider patients with primary cardiovascular or thromboembolic disease who were put on therapeutic anticoagulation right after hospital admission or those primarily hospitalized in the ICU department. For each hospitalized patient, we separately assessed VTE risk via three distinct RAMs: the Goldhaber risk score [11] , the Harinath and St. John risk score [9] (see Tables 1 and 2) [9, 11] , and the eighth edition of ACCP recommendations on VTE prophylaxis, as the standard set of recommendations for VTE risk assessment [3] . Unlike many other available RAMs, the first two selected RAMs are short and, therefore, could be completed with minimal need for extensive investigation or burdensome calculations. In contrast, for risk assessment on the basis of the ACCP recommendations, the full set of guidelines was consulted depending on each patient's clinical condition [3] . Risk assessment by each method was performed by two separate coauthors. Where there was discrepancy, discussion and a third opinion were followed.
In a recent publication we described the methodology used to assess thromboprophylaxis reception and prophylaxis appropriateness [13] . In brief, thromboprophylaxis state was considered as 'appropriate' according to the ACCP recommendations for two groups:
(1) Patients who received thromboprophylaxis and were at moderate-to-high risk of VTE according to the ACCP guidelines. (2) Patients who did not receive thromboprophylaxis and were at low risk of VTE according to the ACCP guidelines.
Those receiving VTE prophylaxis while having a low risk of VTE were designated to be 'overprophylaxed', whereas at-risk patients (according to the ACCP guidelines) who did not receive any VTE prophylaxis were designated to be 'underprophylaxed'. Further details about the appropriateness model used in this study can be followed in Figure 1 [13] .
Consequently, sensitivity, specificity, positive-predictive and negative-predictive values, and accuracy of the Goldhaber and the Harinath and St. John risk scores were calculated in comparison to the ACCP risk stratification for:
(1) Appropriate assessment of the VTE risk among all patients; that is appropriate detection of low-risk patients and appropriate detection of at-risk patients. (2) Appropriately finding the patients at risk of VTE.
In '(1)', the patients' risk status for in-hospital VTE (i.e. at risk versus not at risk) according to ACCP recommendations was separately compared with risk status on the basis of the two previously mentioned risk scoring systems (Goldhaber score !4 versus Goldhaber score <4, and likewise Harinath and St. John score !3 versus Harinath and St. John score <3). In '(2)', the successfulness of the Goldhaber method and the Harinath and St. John method were separately investigated only in detection of patients who were at-risk according to the ACCP recommendations. Accordingly, sensitivity, specificity, positive-predictive and negative-predictive values Receiver operating characteristic curves were also drawn for each of the two alternative RAMs. Subgroup analysis was performed to evaluate the diagnostic accuracy of RAMs based on the hospitalization department of the patients (i.e. medicine, surgery, oncology, tuberculosis and cardiovascular departments) (Fig. 2 ). The manuscript was prepared according to the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) statement [14] . The study protocol was approved by the National Research Institute of Tuberculosis and Lung Disease (NRITLD) research council and ethics committee.
Results
A total of 1761 medical and surgical patients were evaluated, of whom 1091 entered the study (673 men, 418 women, mean age: 51.8 AE 0.6 years). Four hundred and ninety patients were hospitalized in the internal medicine department, 215 were admitted to the surgical department, 213 were hospitalized in the tuberculosis department, 101 were in the cardiovascular department and the remaining 72 were admitted to the medical oncology department. The majority of exclusions were due to reception of therapeutic anticoagulation from admission (n ¼ 253), admission to the pediatrics department (n ¼ 174) and primary admission to the ICU (n ¼ 131). Table 3 summarizes the initial diagnoses and  Table 4 summarizes the basic characteristics of patients who entered the study. Model used for checking the thromboprophylaxis reception appropriateness. Condition was considered appropriate when patients correctly received thromboprophylaxis, or when they correctly did not receive thromboprophylaxis according to the American College of Chest Physicians recommendations. For the former group, an auxiliary analysis was performed on the appropriateness of drug type, drug dosing, and timing of thromboprophylaxis prescription. Reproduced with permission from [13] .
The Goldhaber RAM and the Harinath and St. John RAM had accuracies of 61.13 and 69.75% for appropriate VTE risk assessment, respectively. Likewise, the accuracies for appropriately finding the at-risk patients were 59.85 and 68.46%, correspondingly. Further details about the sensitivity and specificity of the aforementioned two RAMs could be seen in Table 5 .
Overall, the Harinath and St. John RAM had significantly higher sensitivity, specificity, positive-predictive and negative-predictive values, and accuracy for appropriate VTE risk assessment, and also for appropriate finding of the at-risk patients compared with the Goldhaber RAM (P < 0.001 for both series of comparisons). There were, however, notable differences in the success of the two RAMs on the basis of the hospitalization department of the patients (and hence diagnosis category). The Goldhaber RAM was superior for patients in the oncology department (P ¼ 0.03), whereas the Harinath and St. John RAM did better for patients in all other departments (P < 0.001). Table 6 presents department-specific data about the two RAMs.
Discussion
The ACCP recommendations [3] are the most detailed and the most widely available evidence-based guidelines for VTE prophylaxis. Although sole use of the ACCP guidelines may face certain limitations [8, [15] [16] [17] and updated editions bring additional improvements [1, 3] , the ACCP recommendations remain as the most widely agreed recommendations for appropriate thromboprophylaxis. Such guidelines have also been the major point of reference for research studies on VTE prophylaxis, including two large multinational multicentric thromboprophylaxis surveys on medical and surgical patients [18] and medical patients [19, 20] .
Multiple studies have demonstrated that the prophylaxis state of hospitalized patients is far from optimal in several centers around the world [5] [6] [7] [8] . The comprehensiveness of the ACCP recommendations limits their clinical applicability, especially for those physicians who must take care of several patients and, thus, spend little time on each. Simplified RAMs, on the contrary, are generally easier to use, but at the cost of lower accuracy. In our study, the Goldhaber RAM had an overall accuracy of around 60% for appropriate risk stratification and selection of at-risk patients, whereas the Harinath and St. John RAM had an overall accuracy of around 69% for these issues. Importantly, both of the studied simplified RAMs had high specificities (97.3 and 99.1%, respectively) and positive-predictive values (86.6 and 97.4%). These findings suggest that few patients would be overprophylaxed if these VTE RAMs were widely used. This is an important issue both for economic reasons and for addressing concerns about adverse drug events, particularly given that the Goldhaber RAM is currently used to provide electronic alerts about the VTE risk of several patients in North America [11, 21] .
Nevertheless, there is still room to improve the sensitivity of such RAMs. Some other RAMs that use detailed history and VTE risk factors investigation will undoubtedly lead to higher sensitivities, but their drawback is the relatively long time needed for the VTE risk factors datasheet to be completed. Therefore, the current Caprini RAM [10] might be a good candidate for electronic systems (that do not need time-consuming human calculations) but is less practical for high-volume overcrowded hospitals with limited staff and minimal access to electronic health records. Samama et al. [22] also reported a sophisticated electronic Risk Matrix, which might successfully predict the risk of thrombosis among medical and surgical patients. In contrast to these methods, the Goldhaber and the Harinath and St. John risk scoring systems are far less sophisticated and could be more conveniently used by inundated practitioners taking care of several patients [23] .
Although adding much detail to RAMs would limit their applicability, incorporation of a few additional key VTE risk factors might markedly enhance the sensitivity and accuracy of the Goldhaber or the Harinath and St. John RAMs without shifting the time burden dramatically. Such factors could include a current or previous history of serious cardiopulmonary disease, ischemic stroke and active rheumatologic disease [3, 24] . In this sense, perhaps the recently proposed Padua Prediction Score, used for hospitalized medical patients, could be a good example [24] . Moreover, the Padua Prediction Score has put more weight on patients' immobility, independently reported to be an important risk factor for VTE, as compared to the Goldhaber method and the Harinath and St. John method. A possible remaining issue is how to deal with patients with contraindications to pharmacoprophylaxis (and at times mechanical prophylaxis). Ideally, such contraindications should also be incorporated in the patient evaluation plans so that best thromboprophylaxis recommendations could be made for the patients [3, 10, 25] .
Risk assessment methods for VTE prophylaxis Sharif-Kashani et al. 161 An alternative way of using RAMs is to implement department-specific RAMs. We have previously shown that many of the pitfalls of proper VTE risk assessment and thromboprophylaxis are dissimilar among patients and specialists of different departments [6, 8, 13, 26 ]. In the current study it was also evident that different RAMs have distinct accuracies based on the department they are used for (e.g. the Goldhaber RAM had its best accuracy in the oncology department, whereas the Harinath and St. John RAM was most accurate in surgical patients). Therefore, based on the anticipated commonness and significance and each of the VTE risk factors, a general scheme could be devised. Certain modifications could then be considered depending on the department where the RAM is intended to be used.
Our study had several strengths. First, there are only a few existing studies about the accuracy of simplified RAMs for VTE risk assessment of hospitalized patients. Second, all patients were visited and all our data were collected prospectively for this study, minimizing the risk of bias in risk assessment. The adequate sample of patients also enabled us to compare the usefulness of the two studied RAMs in various medical and surgical departments. We must also acknowledge the limitations to our study: first, our patient selection was from a single academic hospital. NRITLD is a regional referral center for cardiopulmonary disease and its patients likely have a greater burden of comorbidities and disease severity, compared with a nonreferral hospital. Moreover, care should be taken in extrapolating from our study findings to other patient subsets, such as those with orthopedic or gynecological diagnoses. Third, given the resource limitations, we were unable to provide more detailed comparisons for other available RAMs.
As stated earlier, the Goldhaber method and the Harinath and St. John method of VTE risk assessment are short and can be completed in a relatively short time. We believed such methods were the most interesting to study as they could be used in a timely way in real world clinical practice. There is an increasing worldwide trend toward using electronic health record systems, and many such systems include specific tabs for VTE prophylaxis [11, 18, 20, 27] . Regardless of whether medical records are handled electronically, it remains crucial to implement an accurate RAM for VTE prophylaxis to reduce the rates of in-hospital VTE without causing unnecessary overprophylaxis.
Conclusion
Thorough VTE risk assessment for hospitalized patients is of paramount importance. Individual risk assessment of each patient is preferable, but not practical in every setting, and using detailed guidelines might be timeconsuming and confusing for nonthrombosis specialists. Therefore, simplified RAMs could be a valuable solution in many cases. In this study, we demonstrated the high specificity of the Goldhaber RAM and the Harinath and St. John RAM, although their sensitivities and accuracies should be improved for use in a greater array of the realworld patients.
